INTRODUCTION
Methane production from aromatic compounds was observed in 1906 by Soehngen (Evans, 1969) . Tarvin & Buswell (1934) were subsequently able to show that a range of aromatic compounds could be metabolized to CH4 and C 0 2 with greater than 90% conversion of the substrates into these gases. The main emphasis in the work published after these two reports was on the elucidation of the biochemical mechanism of the breakdown (see for a review). Benzoic acid has been used by most workers as a model aromatic compound and the methanogenic fermentation of benzoate has been demonstrated in sewage digester sludge (Clark & Fina, 1952; Nottingham & Hungate, 1969; Ferry & Wolfe, 1976) , rumen fluid (Fina & Fiskin, 1960; Balba & Evans, 1977) , polluted river mud (Shlomi et al., 1978) and freshwater lake sediment (Kaiser & Hanselmann, 1982) . All of these investigators have used enrichment cultures and have found that a characteristic period of time was required before methane production from benzoate could be detected. This period has been called an 'adaptation' period (Clark & Fina, 1952) , a 'time-lag' (Balba & Evans, 1977) and an 'acclimation lag' (Healy & Young, 1979) .
The microbiology of the enrichments has not been fully investigated because of their complexity. Ferry & Wolfe (1976) demonstrated that CH4 production could be uncoupled from benzoate degradation and concluded that a microbial food chain involving several organisms of 02-free N2. The pH was adjusted to 7-2 and the medium dispensed into 15 x 150 mm Bellco anaerobic roll tubes (Arnold Horwell Ltd, Kilbum, U.K.) or 100 ml Wheaton reaction bottles (Chromatography Supplies, Hoylake, Wirral, U.K.) which had been outgassed with O,-free Nz. The tubes or bottles were fitted with recessed, butyl black rubber stoppers (40/50° shore hardness). After autoclaving, Na2S was added from sterile anaerobic stock solutions. Carbon sources were added from sterile stock solutions (100 g 1-I) to give a final concentration of 1 g I-'. The final pH was 7-4-7.6. All gases were scrubbed free of residual O2 by passage through a heated column (350 "C) containing acid-washed copper. Enrichment cultures were started by adding a 10% (w/v) inoculum of sediment (wet weight) to FW medium using strictly anaerobic techniques throughout. The enrichments were incubated at 28 "C or 37 "C vertically and unshaken in the dark (Ferry & Wolfe, 1976) . CH, production was periodically measured. In the case of benzoate, 10% of the enrichment volume was replaced once a week.
Enrichment and sediment experimnts. The stock enrichment cultures were shaken and 5 ml volumes transferred to sterile anaerobic roll tubes under the appropriate OZ-free gas. Additions and transfer of cultures and medium were made by using either 1 ml or 10 ml Brunswick disposable plastic syringes (Sherwood Medical Instruments, Crawley, U.K.) fitted with 23 gauge needles. These were repeatedly flushed with OZ-free gas before use. After transfer of the cultures, they were allowed to stand for 48 h before use. Additions to the cultures, from sterile anaerobic stock solutions, were by injection through the recessed stoppers. Tubes were incubated vertically and unshaken in the dark.
Approximately 5 g (wet weight) of sediment was placed in roll tubes under the appropriate OZ-free gas and preincubated at 28 "C for 1 h to remove residual 02. Labelled and unlabelled substrates were prepared under 02-free NZ. The total volume of additions to the sediment never exceeded 10% of the sediment volume and was generally less than 5 %. The sediment tubes were vortexed vigorously to ensure a uniform distribution of the added substrates. The roll tubes were then spun on a mechanical tube roller (Hungate, 1969) so that a thin film of sediment coated the inside of the tube. This ensured adequate diffusion of gases between the sediment and gas phase. Comparable results were obtained when unspun samples were used. It was assumed that H2 limitation, caused by exposure of a thin film of sediment to a large gas phase, was unimportant, as methanogenic benzoate fermentation requires a low partial pressure of H2 (Ferry & Wolfe, 1976) . Blelham Tam sediment is generally considered to be H2 limited (Jones et al., 1982) .
Bacterial isolation and enumeration. Aerobic aromatic degraders were isolated from the enrichments on the following medium, which contained (g 1-1 final concentration): carbon source, 1 ; NH4Cl, 1 ; MgSO,. 7H20, 0.5; FeCl,, 0.05; CaCl, . 2H20, 0.005; and 33 ml of a combined solution of 1 hi-NaZHPO4 and 1 hi-KH2P04 (pH 6-8) per litre of medium. Enumeration of such bacteria was by the most probable number (MPN) method of DiGeronimo et af. (1978) . The medium of Stanier et af. (1966) was used to determine denitrifying ability.
The H2-utilizing sulphate reducer was isolated, after suitable enrichment, from sewage sludge using the medium of Badziong et af. (1978) . Isolation of component members of the benzoate methanogenic enrichment was attempted using the medium and method of McInerney et a f . (1979) . Benzoate and butyrate were used as carbon sources. Medium B of Ferry & Wolfe (1976) was used for acetoclastic methanogen isolation attempts.
Sulphate reducers were enumerated by a dilution through agar roll tubes containing the medium of Postgate (1969) .
Analyticaf methods. Methane was measured with a Pye-Unicam series 104 gas chromatogram fitted with a flame ionization detector. The chromatogram was fitted with a 2 m coiled glass column (4 mm i.d.), packed with 80-100 mesh Porasil type B. The carrier gas was N,, at a flow rate of 40 ml min-', the injection volume was 0-5 ml and the column was operated at ambient temperature. Volatile fatty acids were determined by gas chromatography. A 2 m coiled glass column, packed with 15% FFAP on Diatomite (6&80 mesh), was held at 135 "C whilst the detector and injection port were at 160 "C. N2 was the carrier gas at 40 ml min-I. The culture fluid was filtered through a 0.22 pm filter and pretreated by the addition of 10% formic acid. Before the start of the run formic acid was injected onto the column to minimize ghosting and tailing. Injection volumes were 1-5 pl. For benzoate determination the culture was filtered and 100 pl dried under a stream of NZ. Tri-Sil (Phase Separation Ltd, 100 pl) was then added and allowed to stand for 30 min at room temperature in a desiccator. The trisilyl derivative was injected into a 2 m (4 mm i.d.) coiled glass column packed with 3% OV-17 on 100-120 mesh Chromosorb WHP.
The oven was operated isothermally at 150 "C and the injection port and detector were at 180 "C. N2 was the carrier gas at a flow rate of 60 ml min-I and the injection volumes were 5-20 p1.
Radioactive determinatwns. After incubation with labelled substrate, 1 ml of 1 hi-H,PO4 was injected through the recessed butyl rubber stopper to release dissolved C 0 2 from the sediment sample or culture fluid. A 0.5 ml sample of the gas phase was injected into a stream of air, which was slowly bubbling through 3 ml of Carbo-Sorb (Packard Instrument Co.). A second 0-5 ml was injected into a stream of air and passed through a 1 cm i.d. silica tube packed with Cu, held at 650-700 "C. The effluent gas was passed into 3 ml of Carbo-Sorb. 14CH4 was combusted to 14C02 which was then trapped in the Carbo-Sorb. The contents of the gas trap were then added to 15 ml of scintillation fluid and counted in a Packard TriCarb liquid scintillation spectrometer. The scintillation fluid contained the following: 5 g PPO; 0.1 g POPOP; 1 litre scintillation-grade toluene. The efficiency of counting was approximately 87% and samples were corrected for quench by the external channel ratio method. The amount of 14CH4 produced was determined from the difference in the counts (total labelled gas released minus 14C02 released). When referred to in the text, 14C-labelled gas production refers to both 14CH4 and 14C02 produced without prior acidification of the sediment unless specified. Double-trap experiments showed that all 14C02 was absorbed in the first trap. Comparable results were obtained for 14CH4 formation when NaOH was used as a C 0 2 trapping agent before passage through the oven. This suggested that I4CH4 absorption by CarbSorb was not significant.
Microscopic examination. A Carl-Zeiss photomicroscope was used for phase-contrast observations. For scanning electron microscopy, the cells were fixed in 0-05 M-phosphate buffer (PH 7.2) containing 2% (w/v) glutaraldehyde and washed twice in the same buffer. The cells were postfixed in 0.2 hi-cacodylate buffer (pH 7.3) containing 10 g osmium tetroxide 1-l and washed twice in cacodylate buffer. The cells were dehydrated through a graded series of water/ethanol mixtures. The ethanol was gradually replaced by the non-polar solvent, amyl acetate. Cells were dried from liquid C 0 2 by critical point drying (Horridge & Tamm, 1969) and subsequently coated with platinized gold. Scanning electron micrographs were taken with a Jeol JSM-35 scanning electron microscope.
Statistical analysis. CH4 concentrations during adaptation experiments were compared by the Mann-Whitney U-test as described by Jones (1973) . CH4 formation rates and 14CH4 : l4Co4 ratios were compared by the methods described by Harshbarger (1977) . Significance levels were calculated by reference to the statistical tables of White et al. (1979) .
Chemicals andgases. All chemicals were Analar grade. N2 (99.9%) was supplied by B.O.C., Hackney, London; 90% Nz/lO% H2 and 80% H2/20% COz were supplied by B.O.C. Special Gases, Deer Park Road, London. [ring-U-14C]Benzoate (42 mCi mmol-' ; 1.55 GBq mmol-') was purchased from Amersham.
RESULTS
When benzoate was added to a 10% (w/v) suspension of sediment, methanogenesis was stimulated after 'lag' phases varying from 50 to 80 d. A typical CH4 production profile is shown in Fig. 1 . The lag phase, during which CH4 production approximated to that of controls, was . CH, production from benzoate-augmented profundal sediment. Sediment was collected in April 1978; 1 g wet weight was added to 9 ml of FW medium containing 1 g sodium benzoate 1-' (0); identical tubes without benzoate were used as controls ( 0 ) and they were all incubated at 37 "C. 
followed by a period of rapid methanogenesis. The rate of CH4 production then returned to that found in unaugmented controls. Prior establishment of methanogenic enrichments on a range of aliphatic compounds (acetate, propionate, butyrate, valerate, caproate, heptanoate, adipate and pimelate) decreased the adaptation time required for methanogenic benzoate degradation. Benzoate-dependent methanogenic enrichments were established using sediment samples (100 g 1-l) from various depths below the sediment-water interface (4-5 cm, 8-9 cm, 12-13 cm and 16-17 cm). No methanogenic benzoate enrichments were obtained when sediment from the 0-1 cm depth was used as an inoculum source. Acetate methanogenic enrichments were obtained from all sediment depths tested. There was no significant difference between the amount of CH4 produced from benzoate added to established enrichments (Table 1 ) and that calculated from the stoichiometry predicated by the Buswell equation (Buswell & Muller, 1952) . The amount of C 0 2 produced was assumed to be equal to that predicated by the Buswell equation. The degradation of benzoate to CH4 by established enrichments is consistent with the following stoichiometry calculated from the Buswell equation: 4C6H5COOH + 18H20 -+ 15CH4 + 13C02.
A transient accumulation of acetate was detected during CH, production from benzoate, but propionate, butyrate, caproate and valerate could not be detected. The optimum temperature for CH, production from benzoate, added to enrichments, was 37 "C ( Fig. 2) irrespective of whether the enrichment was established at 28 "C or 37 "C. CH, production was still detectable at 45 "C.
Benzoate metabolism and CH, production were associafectwith the particulate fraction in sediment enrichments. No CH4 was produced by supernatant liquor incubated anaerobically with benzoate in the absence of sediment. Little turbidity was observed in the fluid above the sediment during benzoate fermentation.
Weekly removal of 10% of the enrichment and replacement by FW medium, after shaking, eventually led to the formation of a bacterial 'floc' (Ferry & Wolfe, 1976) . Methanogenic benzoate-degrading activity was associated with this 'floc'. Disruption of the 'floc' by vigorous shaking during incubation with benzoate inhibited CH, production completely. Benzoate metabolism and CH, generation were resumed when the 'floc' reformed after the enrichments were allowed to stand unshaken for 48 h.
Bacteria capable of aerobic benzoate and p-hydroxybenzoate metabolism were isolated from newly established enrichments at 6.6-7.7 x lo5 per ml of enrichment. All the isolates were Gram-negative bacilli and possessed nitrate reductase activity. However, no isolate could grow on benzoate or p-hydroxybenzoate anaerobically in the presence of nitrate. Such bacteria could not be isolated from enrichments that had been maintained for over 3 years with weekly replacement of 10% of the enrichment volume.
McInerney et al.
(1 979) were able to isolate an anaerobic bacterium capable of degrading fatty acids in syntrophic association with H2-utilizing methanogens or sulphate reducers. Similar experiments were attempted to try to isolate benzoate-degrading bacteria in the presence of an H2-utilizing sulphate reducer, isolated from sewage sludge. The methanogenic enrichment was diluted through benzoatelsulphate agar roll tubes containing high numbers of the sulphate reducer. No colonies were observed after 3 months' incubation at 37 "C. Attempts to isolate acetoclastic methanogens from these enrichments were also unsuccessful.
Examination by phase-contrast and electron microscopy revealed the presence of long filaments which ramified throughout the 'floc' and reached lengths greater than 150 pm. Spiral bundles of filaments were apparent and are believed to give the 'floc' structural integrity (Fig.  3 a) . Scanning electron microscopy showed the filaments to be comprised of chains of cells with septa between the cells appearing as prominent bulges (Fig. 3b) . Some of the filaments had broken, flattened ends.
Dilution eflect
The initial inoculum size used during the enrichment process directly affected both the time required for the enrichments to produce detectable CH, from benzoate and adaptation frequency (Fig. 4) . Three out of five replicates with a 10% (w/v) inoculum had not adapted to methanogenic benzoate fermentation after 120 d incubation. The two replicates that had adapted took 63 and 84 d respectively for CH, production to rise above that of controls. No benzoate fermentation was observed for any of the 5 % (w/v) sediment inoculum samples after 120 d incubation. In subsequent experiments methanogenic enrichments could be obtained from all sediment depths tested, including 0-1 cm, when a 20% (wlv) inoculum size was used.
The observation that increasing inoculum sizes gave decreased adaptation times led us to examine undiluted sediment for the presence of an autochthonous population capable of methanogenic benzoate fermentation without the requirement for an adaptation period. [ring-U-14C]Benzoate was added to undiluted profundal sediment to a final concentration of 4.8 x mmol (g wet wt)-l. 14C-labelled gas production was detected after as little as 4 h anaerobic incubation. The optimum temperature for l4C-labe1led gas production was about 28 "C (Fig. 5) . Analysis of the labelled gas after acidification of the sediment (Table 2) gave the percentage of 14CH4 as 52.3 5-3 (mean f s.D., 5 determinations), which is consistent with methanogenic fermentation of the [ring-U-14C]benzoate. Labelled gas production was detected when [ring-U- Efect of sulphate and hydrogen Addition of 10 mM-sulphate to stable enrichments affected neither the stoichiometry of the methanogenic benzoate fermentation nor the rate of CH4 formation. Newly adapted enrichments contained about 7 x 104 sulphate-reducing bacteria per ml of enrichment when determined by MPN counts in lactate medium, whereas similar enrichments maintained for more than 2 years with weekly feeding contained less than 100 sulphate reducing bacteria per ml of enrichment.
The addition of sulphate (10 mM final concentration) to undiluted sediments containing [ring-U-14C]benzoate did not affect the rate or the amount of I4C-labelled gas released (Fig. 6) . Sodium molybdate, which has been used as an inhibitor of sulphate reduction in marine sediments (Oremland & Taylor, 1978) and freshwater sediments (Smith & Klug, 1981) was also added to sediments in the presence and absence of sulphate (Fig. 6) . At a final concentration of 20 mM, molybdate significantly inhibited the release of 14C-labelled gas over the first 24-48 h of incubation. In the presence of added sulphate, molybdate caused a marked inhibition in the rate of 14C-labelled gas release throughout the course of the experiment. After 8 d incubation only 50% of the control level was produced. This had increased to about 75% after 12 d incubation.
The effect of sulphate and molybdate on l4C-labe1led gas released from [ring-U-14C]benzoate was further examined by comparing the proportion of 14CH4 and 14C02 produced under such conditions (Table 3) . In unaugmented sediment approximately equal amounts of 4CH4 and 14C02 were produced during [ring-U-14C]benzoate fermentation at all depths examined. Sulphate did not affect the total amount of 14C-labelled gas released but it inhibited 14CH4 production, most of the label released being 14C02. Molybdate additions to undiluted sediment resulted in much higher proportions of I4CH4 compared to 14C02. This appeared to be related to a greater inhibitory effect on 14C02 production than on 14CH4. The amount of 14C02 released by the 0-1 cm depth sample in the presence of molybdate was only 65 % of that released by the control, compared tb 77% for 14CH4. The corresponding values for the 11-12 cm depth sample were 33% and 70% respectively. 14C02 production was also inhibited in the 4-5 cm depth sample when compared to the control, although 14CH4 release was apparently stimulated. Addition of both molybdate and sulphate resulted in a significant increase in the proportion of 14CH4 produced compared to sulphate alone. The total amount of 14C-labelled gas released was greatly decreased in the presence of sulphate and molybdate. This confirms the inhibition of 14C-labelled gas release by sulphate plus molybdate shown in Fig. 6. A 90% N2/10% H2 atmosphere was found to completely inhibit 14CH4 production from [ring-U-14C]benzoate in established enrichments although during this inhibition methanogenesis from H2 and C 0 2 could be readily demonstrated in these enrichments. CH, production occurred quite readily under an 80% H2/20% C 0 2 gas atmosphere although benzoate was not metabolized.
4C-labelled gas release from [ring-U-14C]benzoate by undiluted sediment was transiently inhibited by a 90% N,/10% H2 gas atmosphere (Fig. 7) with the amount of 14C-labelled gas released being 33% of that released by the control after 24 h. There was no difference in the amount of 14C-labelled gas released after 72 h. A 100% H2 gas atmosphere completely inhibited 4C-labelled gas release.
DISCUSSION
The methanogenic fermentation of benzoate by Blelham Tarn sediment enrichments was consistent with the stoichiometry first determined by Nottingham & Hungate (1969) for sewage enrichments. All methanogenic benzoate enrichments subsequently examined produced CH4 and C 0 2 according to the same stoichiometry (Ferry & Wolfe, 1976; Balba & Evans, 1977; Shlomi et al., 1978) . It is unlikely that the enrichments studied by different workers were identical in bacterial composition but, as Evans (1977) has pointed out, almost all investigators find the same metabolic intermediates. In the present work only acetate was detected in the culture fluid during CH4 production from benzoate although failure to detect other intermediates may have been due to either their being present at concentrations too low to detect or their being intracellular.
The decrease in 'adaptation' times for methanogenic benzoate fermentation after prior methanogenic 'adaptation' to putative intermediates suggests that the rate of formation of methanogenic precursors by the acetogenic population limits the rate of 'adaptation' in benzoate fermentation. Prior establishment of active acetogenic population ensured the rapid removal of intermediates generated during benzoate metabolism followed by rapid methanogenesis. Ferry & Wolfe (1976) have calculated that the rapid removal of fermentation intermediates was required for methanogenic benzoate degradation to be thermodynamically favourable. No acetoclastic methanogens were isolated from the enrichments but an organism morphologically similar to Methanobacterium soehngenii (Zehnder et al., 1980) was identified by phase microscopy and scanning electron microscopy ( Fig. 3 a, b) . Methambucterium soehngenii was isolated by Zehnder and co-workers, after continuous enrichment in a fermenter with a 15 d retention time, at 33 "C, followed by dilution and growth in liquid medium, and a mean generation time of approximately 9 d was determined. This slow growth rate may explain the difficulty in isolating this organism from benzoate enrichments. Methanobacterium soehngenii has a substrate affinity for acetate of 0-46mM (Zehnder et al., 1980) compared to that for Methunosurcina strain 227 of 5 m~ (Smith & Mah, 1980) . This may allow Methumbacterium soehngenii to compete with the faster growing Methanosarcina sp. to become the predominant acetoclastic methanogen in such enrichments. Interestingly, the turnover rates of all R . SLEAT A N D J . P. ROBINSON enrichments which have been reported are slow, and long rod-shaped organisms have been observed in these enrichments (Ferry & Wolfe, 1976; Shlomi et al., 1978; Healy et al., 1980) . Cells like Methanobacterium soehngenii formed a matrix in the benzoate enrichments which appeared to give the 'floc' its structural integrity. Within this matrix members of the consortium may form specific spatial relationships with one another. Disruption of the 'floc' by vortexing, caused a cessation of CH4 production from benzoate. Whether this was due to its effect on Methanobacterium soehngenii alone or on the proposed spatial relationship is unknown. The maintenance of the structure of the 'floc' appears to be necessary for active methanogenic benzoate fermentation. No evidence was found which indicated that facultative, Gramnegative, aerobic aromatic oxidizers were responsible for anaerobic benzoate degradation in methanogenic enrichments, as had been claimed by .
As might have been expected, dilution of pooled sediment samples was found to increase the 'adaptation' period for methanogenic benzoate fermentation. It was thought that the dilution effect was responsible for the failure to obtain benzoate methanogenic enrichments from the 0-1 cm depth although methanogenic alicyclic fatty acid enrichments were readily obtained. This was confirmed by using a larger inoculum for enrichments, when benzoate fermentation was shown to occur in the 0-1 cm sediment depth.
Nottingham & Hungate (1969) demonstrated decomposition of small concentrations of [14C]benzoate to 14CH4 and 14C02 at 37 "C without prior exposure to benzoate by a laboratory methanogenic digester, fed nutrient broth, yeast extract and glucose on a 10 d retention time. This result suggested the presence of an autochthonous population in the digester capable of anaerobic benzoate fermentation. The results from the experiment on dilution effects similarly suggested the existence of a similar autochthonous population in Blelham Tarn profundal sediment. The release of 14C-labelled gas from [ring-U-14C]benzoate added to undiluted anaerobic sediment after as little as 4 h confirmed this. This demonstrates that there is no requirement for population selection during the enrichment process and that adaptation times are probably the result of diluting sediments before establishing enrichments.
The temperature optimum of 28 "C for in situ benzoate fermentation was in close agreement with that determined for methanogenesis in Blelham Tarn (Jones et al., 1982) . Zeikus & Winfrey (1976) showed that the temperature optimum for the production of 14CH4 from Na214C03 in Lake Mendota sediments was 37 "C. Similarly, the optimum temperature for CH4 production from benzoate by Blelham Tarn methanogenic enrichments was found to be about 37 "C. The temperature optimum of 28 "C determined by Jones et al. (1982) probably reflects the temperature optimum of methanogenic precursor formation, as these sediments are known to be H2 limited (Jones et al., 1982) . These workers did not determine the temperature optimum for methanogenesis under conditions of excess substrate or from label studies. If anaerobic benzoate decomposition in sediments was limited by methanogenesis, an optimum temperature of 37 "C for methanogenic benzoate fermentation would be expected. The temperature optimum of 28 "C suggests that the limiting step in vivo is either ring cleavage or the production of methanogenic precursors.
The addition of sulphate to sediment altered the fate of carbon derived from [ring-U-14C]benzoate, with C 0 2 being the predominant fermentation product. This is consistent with inhibition of methanogenesis by added sulphate , since sulphatereducing bacteria are then able to compete successfully for the methanogenic precursors, H2 Abram & Nedwell, 1978) and acetate Laanbroek & Pfennig, 1981) . This does not rule out the possibility that a population of sulphate reducers able to use benzoate as the sole source of carbon and energy in the presence of sulphate (Widdel, 1980) was present in the sediment. Thermodynamic considerations suggest that the removal of HZ, generated during anaerobic benzoate metabolism, is necessary for the fermentation to continue (Ferry & Wolfe, 1976) . This is accomplished either by methanogenic bacteria or, in the presence of sulphate, by sulphate-reducing bacteria. Blelham Tarn is sulphate limited (Jones & Simon, 1980 b) and methanogenic decomposition of benzoate is probably the normal method of benzoate fermentation in anaerobic sediment.
Although molybdate has been used as a specific inhibitor of sulphate reduction (Oremland & Taylor, 1978) , recent reports (Smith & Klug, 1981; Jones et al., 1982) have shown that at concentrations of about 20 m~ methanogenesis is also inhibited. These effects were also observed during this study. 14C-labelled gas release (Fig. 6 ) and 14CH4 production were both inhibited in the presence of molybdate. Interestingly, the proportion of 14CH4 released, compared to 14C02, increased when molybdate was present. This could be due to the inhibition of 14C02 production by sulphate reducers utilizing a small amount of endogenous sulphate. The major effect of the added molybdate was seen when it was added in conjunction with sulphate. Under such conditions the methanogenic population is able to compete successfully for the methanogenic precursors released during benzoate fermentation, as sulphate reduction is totally inhibited in the presence of molybdate (Smith & Klug, 1981) . The degree of inhibition is related to both the molybdate concentration and the sulphate concentration. Under the conditions used in this study it is doubtful if sulphate reduction was completely inhibited, because of the high sulphate levels used. This would account for the decreased proportion of 14CH4 produced compared to the unaugmented control and the addition of molybdate alone. The inhibition of benzoate fermentation in sediments and enrichments by H2 is consistent with the requirement for low partial pressures of H2 during the metabolism of fatty acids, which are benzoate fermentation intermediates, to acetate, H2 and C 0 2 (Boone & Bryant, 1980; McInerney et al., 1979) . Benzoate methanogenic enrichments were unable to reduce the H2 concentration below a threshold level at which benzoate fermentation would occur. Profundal sediment is H2 limited (Jones et al., 1982) and small amounts of exogenously added H2 would be quickly consumed allowing the fermentation to proceed. In all experiments where [ring-U-14C]benzoate was added to sediments, only about 30% of the added label was recovered as labelled gas. Increased incubation times did not increase the amount of label released. The amount of label remaining as [ring-U-14C]benzoate or labelled intermediates was not determined. Incorporation into cell carbon is unlikely, since even in enrichment cultures, added labelled benzoate can be accounted for mainly as 14CH4 and 14C02 and residual labelled benzoate, with only traces remaining as cell carbon (Ferry & Wolfe, 1976 was recovered as CH4. The fate of the remaining label in both sediment samples was unknown. Ansbaek & Blackburn (1980) were able to show greater than 80% conversion of added [14C]acetate to 14C02 by anaerobic marine sediment. They also demonstrated that approximately 3% of the added label was bound to the sediment, making it unavailable for bacterial uptake. Similar binding or other unidentified reactions, which sequester labelled benzoate or its fermentation intermediates, may account for the proportion of labelled benzoate converted into labelled gases. 
